Introduction. Ischemic stroke is a complex disorder resulting from the interplay of genetic and environmental factors. Previous studies showed that kalirin gene variations were associated with cardiovascular disease. However, the association between this gene and ischemic stroke was unknown. We performed this study to confirm if kalirin gene variation was associated with ischemic stroke. Methods. We enrolled 385 ischemic stroke patients and 362 controls from China. Three SNPs of kalirin gene were genotyped by means of ligase detection reaction-PCR method. Data was processed with SPSS and SHEsis platform. The GG genotype and G allele of SNP rs7620580 were associated with a risk for ischemic stroke with an adjusted OR of 3.195 and an OR of 1.446, respectively. Haplotype analysis revealed that A-T-G,G-T-A, and A-T-A haplotypes were associated with ischemic stroke. Conclusions. Our results provide evidence that kalirin gene variations were associated with ischemic stroke in the Chinese Han population.
Introduction
Cerebrovascular diseases and cardiovascular diseases are among the top three leading causes of death and disability worldwide [1, 2] . The mortality rate due to stroke is as high as 276.9/100,000 each year in China [3] , which means nearly 400,000 people die of stroke every year. Ischemic stroke (IS) is a complex disorder resulting from the interplay of genetic and environmental factors (such as age, smoking, hypertension, cardiac arrhythmias, and diabetes mellitus) [4] . It has been shown that genetic factors increase the risk of stroke. The risk rate of a person with a family history of stroke is up to 30% [5] . Compared with dizygotic twins, the rates of death and hospitalization due to stroke were increased for monozygotic twins [6] .
Present prevention and treatment of stroke are involved in the control of risk factors [7] and revascularization of vascular stenosis. Medical therapy was often effective for preventing stroke. However, some patients may still experience recurrent ischemic stroke in spite of receiving aggressive medical treatment [8] . With the rapid advance of precise medicine, it is of great importance to find and validate biomarkers for the diagnosis, treatment, and prognosis of stroke.
The protein encoded for by the kalirin gene (KALRN) is a guanine nucleotide exchange factor (GEF), which has numerous functions, such as neuron morphogenesis [9, 10] F: GGTAACTCTTGGTGACTTTGC  TA: TTTTTTTTTTGCTTGGTAGTGGTTGCATGTGCA  R: CATTCACCCCTTTGATCTGTG  TG: TTTTTTTTTTTTTGCTTGGTAGTGGTTGCATGTGCG  TR: -P-TGTGTGCATGTGTGGACTGTCTGCTTTTTTT-FAMrs2289843   F: CATTATGCCAAAGCAGAGAAG  TA: GGTGACATACATCTGAAATTTGTCA  R: TGGTGGACAGAAGGGAACAAC  TT: TTTGGTGACATACATCTGAAATTTGTCT  TR: -P-GCCTAAAAAGAACAAAGATAATAAT-FAMrs1708303   F: TTCTCTGGACTGGGGTCTACA  TA: TTTTGAATGGAGGCAAGTCCGAGTCCGTA  R: ACAGGACTCGTCAGCCACTTC  TG: TTTTTTTGAATGGAGGCAAGTCCGAGTCCGTG TR: -P-GCCAACCTGCAGGCCCAGCCCTCCCTTT-FAMmodifies synphilin-1 aggregate transport [11] , and promotes smooth muscle cell (SMC) migration and proliferation [12] . Studies found that KALRN gene variations were associated with CHD [13] [14] [15] [16] . As an atherosclerotic disease, stroke may share some genes with coronary heart disease (CHD). A possible association between KALRN gene polymorphisms and IS among distinct population remains unknown. Thus, the aim of the present study was to investigate if KALRN SNPs were associated with ischemic stroke among Han Chinese.
Materials and Methods

Subjects.
A cohort of 747 individuals, including 385 ischemic stroke patients and 362 hypertensive controls without stroke, was included in the present study. The ischemic stroke group was composed of 297 patients found during the epidemiological survey of Fuxin rural areas (Liaoning province, China) [17] and 88 ischemic stroke patients from the First Hospital of China Medical University. The study subjects were unrelated to one another, were all Han Chinese, and were older than 35 years of age. Subjects were excluded if they had a history of hemorrhagic stroke, tumor, trauma, myocardial infarction, or atrial arrhythmia. All IS cases were confirmed to be atherosclerotic ischemic stroke by brain imaging using computed tomography (CT) scanning and/or magnetic resonance imaging (MRI). A diagnosis of IS was confirmed by 2 neurologists. The control group included unrelated individuals without any history or symptoms of cerebrovascular disease and were matched with the IS patients for residency area, ethnic origin, and gender. Brain imaging was not used for controls. As stroke is a late-onset disease, we selected older people as controls to minimize the chances for misclassification as "stroke-free."
All participants were given a questionnaire that included demographic variables (age, gender, and nationality). Histories of conventional risk factors (hypertension, diabetes mellitus, smoking, and alcohol drinking) were also recorded. Blood pressure (BP) was measured using a standardized automated electronic sphygmomanometer (Omron, Dalian, China). Biochemical analyses were done using an automated enzymatic procedure (AU640, Olympus, Japan) in our central laboratory. After providing informed consent, 5 ml venous blood was obtained from each subject and kept at -20 ∘ C until analyzed. The work has been carried out in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving human subjects. Our procedures were approved by the Ethics Committee of China Medical University, and written informed consent was obtained from all participants.
SNP Selection and Genotyping.
Genomic DNA was isolated from EDTA anticoagulated whole blood of subjects in the laboratory of Shengjing Hospital of China Medical University using blood genomic DNA extraction kits according to the manufacturer's protocol (TIANamp Genomic DNA kit, Tiangen Biochemical Technology, Beijing, China) and kept at [18] [19] [20] . Primers were designed with primer 5 and probes were designed by Shanghai Generay Biotech (http://www.generay.com.cn/) ( Table 1 ). Allele and genotype frequencies were determined by analyzing the raw data from ABI 3730XL with Peak Scanner Software v1.0 (ABI). About 10% randomly selected samples were genotyped repeatedly to ensure that the results were 100% concordant.
Statistical Analysis.
Statistical analyses were done using SPSS (v 13.0) and the SHEsis analysis platform (http://analysis .bio-x.cn/myAnalysis.php). Data are presented as mean ± standard deviation (SD) with normal distribution by using the -test. Count data are presented as number of cases and percentage. Pearson Chi-square ( 2 ) tests or Fisher's exact test were used to compare the frequencies of demographic variables and to assess differences in SNP genotypes and alleles between cases and controls. Hardy-Weinberg equilibrium (HWE) was assessed using 2 tests. Odds ratios (OR) with 95% confidence intervals (CI) were determined using unconditional logistic regression analysis. Multivariate analysis was evaluated by logistic regression models to test the association of gene variation and ischemic stroke risk after adjusting the confounding risk factors. The SHEsis analysis platform was used to calculate linkage disequilibrium indices (D and r 2 ) and inferred haplotype frequencies [21, 22] .
Results
Subject Characteristics.
The demographic and clinical characteristics of the subjects were shown in Table 2 . There were no significant differences between cases and controls for gender, heart rate, or total cholesterol levels. Because we chose cases that were younger than controls, their mean ages were different (62.30 ± 9.75 versus 69.01 ± 7.32 years). As expected, the prevalence of the most common risk factors for atherosclerosis was significantly different between cases and controls: body mass index (BMI) ( = 0.006), drinking ( = 0.006), smoking ( = 0.039), triglyceride (TG) ( = 0.006), low density lipid cholesterol (LDL-C) ( < 0.001), high density lipid cholesterol (HDL-C) ( < 0.001), and fasting plasma glucose (FPG) ( = 0.035). (Tables 3 and 4) . However, there were no significant differences in the allele and genotype distributions for SNP rs2289843 between cases and controls in total subjects.
Association between SNPs and Ischemic
Because some conventional confounding risk factors may also contribute to the development of stroke, we analyzed the associations between these SNPs and IS after adjusting for these factors. Multivariate logistic regression analysis showed that, after adjusting for age, systolic pressure, diastolic pressure, BMI, smoking, drinking, TG, HDL-C, LDL-C, and We found an interaction between the gene variation and environment (Table 5 ). So we also studied the association of the KALRN SNPs and IS under different environmental exposures, such as gender and overweight (BMI ≥ 25 kg/m
2 ) ( Table 6 ). Genotypic association of SNP rs7620580 was also revealed in men before and after adjustment of covariates in the additive and dominant models. But in women, significant difference was present only after adjustment of covariates present in women in the crude additive and dominant model (OR = 1.566 (95% CI 1.045-2.345), = 0.030, and OR = 1.665 (95% CI 1.046-2.652), = 0.032, resp.) but was lost after adjustment. No association of SNP rs1708303 and IS was found in men ( > 0.05). SNP rs2289843 genotypes were associated with IS only in women after adjustment for covariates in recessive and additive model (OR = 2.186 (95% CI 1.035-4.620), = 0.040, and OR = 1.658 (95% CI 1.059-2.595), = 0.027, resp.). As shown in Table 6 , the genotype distributions of rs7620580 and rs1708303 were also different between overweight subjects and nonoverweight subjects (BMI < 25 kg/m 2 ). No genotypic association between SNP rs2289843 and IS was revealed in subjects with different BMI ( > 0.05).
Thus, we concluded that rs7620580, rs1708303, and rs2289843 polymorphisms may have been associated with a risk for the development of IS among Han Chinese (Table 3) .
Haplotype Analysis.
We also analyzed haplotypes using SHEsis program platform. Haplotypes were constructed in KALRN based on the three SNPs (rs7620580, rs2289843, and rs1708303). These 3 SNPs were in linkage disequilibrium in this study population (Figures 1 and 2 ). Of 8 possible haplotypes, only 6 had frequencies of >0.03 among both cases and controls and were included in our haplotype analysis ( Table 7 ). The frequencies of the A-T-G and G-T-A haplotypes in cases were significantly higher than that in controls (12.0% versus 6.0%, < 0.001 and 11.0% versus 6.9%, Figure 1 : D of the 3 SNPs: it showed that they were in linkage disequilibrium.
= 0.006, resp.). The frequencies of A-T-A haplotype in cases were significantly lower than those in controls (26.2% versus 38.3%, p < 0.001).
Discussion
In this study, we investigated possible associations between 3 polymorphisms of the KALRN gene and ischemic stroke in a northern Chinese Han population. We found that SNP rs7620580, rs2289843, and rs1708303 were associated with IS and revealed that the G allele of SNP rs7620580 and G allele of SNP rs1708303 were risk factors for IS. To the best of our knowledge, this is the first study to demonstrate that these three SNPs were associated with the occurrence of ischemic stroke in Chinese population. Age and hypertension are independent risk factors for stroke. As with other atherosclerotic diseases, stroke is a lateonset disease. Susceptibility genes can influence an earlyonset of this disease when environmental factors have not had sufficient time to modify the phenotype. Several studies of the MTHFR and apolipoprotein E genes [23] , PDE4D genes [24] , and variations on chromosome 9p21 [25] have shown age-dependent effects. Thus, we selected place of residence and sex-matched, older, and higher blood pressure patients without stroke as controls to minimize the chances of misclassification as "stroke-free" and to exclude the impact of hypertension in the control group.
The protein encoded for by the KALRN gene is a complex protein with multiple catalytic, protein-protein, and proteinlipid interaction domains. It is involved in neuron morphogenesis [9, 10] and granule maturation [26, 27] and modifies All haplotypes with a frequency of < 0.03 were ignored for this analysis.
synphilin-1 aggregate transport and formation [11] . Kalirin 7 is the most abundant isoform of kalirin in the adult brain that is nearly exclusively localized to the postsynaptic density (PSD) [28, 29] and plays an essential role in dendritic spine formation and function [30] [31] [32] [33] . Kalirin 7 is also involved in ischemic signal transduction [34] . Nitric oxide (NO) acts as a neurotransmitter. Kalirin inhibits inducible nitric-oxide synthase (iNOS) activity [35] and promotes SMC migration and proliferation both in vitro and in vivo [12] . Kalirin's RhoGEF activity could plausibly augment atherogenesis by enhancing vascular SMC proliferation and migration [12, [36] [37] [38] and endothelial dysfunction [39] . The KALRN gene has been linked to schizophrenia [40, 41] and adult attention deficit-hyperactivity disorder [42] . Recent studies found that KALRN gene variations were associated with atherosclerotic diseases, such as coronary heart disease [13, 15] and stroke [43, 44] , whereas Olsson et al. [45] found no linkage. These differences may have been due to the different ethnic groups that were studied. Different IS risk factors may also affect the results of association study. As we have shown in Table 6 , the associations were presented in man or thinner subjects, while they disappeared in woman or overweight ones. So the difference of our study and Olsson's may have been also due to different risk factors of the study subjects. Besides genetic and environmental backgrounds, differences in sample size, population admixture, and different selection criteria may explain the discrepancy, too.
The studied SNPs rs1708303 and rs2289843 were located in exons. We found that an intronic locus SNP rs7620580 was associated with IS, too. Perhaps polymorphisms in the intron region are in linkage disequilibrium with unidentified variants in regulatory elements, which affect gene transcription rates or gene expression efficiency. It is possible that an intron SNP interferes with nucleotide splicing or the formation of different spliceosomes, which might change gene structure and influence protein folding.
There were several limitations for our study. First, our subjects were selected from the rural elderly patients in Northern China during an epidemiological investigation; the conclusion may not represent populations of other genetic background. Further large-scale, randomized, longterm studies from different regions and ethnic or social background will be needed to confirm our present findings. Second, one of our selected SNPs (rs 7620580) was located in introns, the function of which was not clear. Third, because stroke is a disease that might involve multiple SNPs among multiple genes, a comprehensive analysis of the interactions between candidate genes will be more powerful than a single-locus analysis. Finally, functional studies are needed to confirm our findings from this study.
Conclusions
Our results provide evidence that KALRN gene variations were associated with ischemic stroke in the Chinese Han population.
